Dementia in Parkinson's disease is thought to be attributable not only to subcortical lesions but also to cortical alterations, especially frontal lobe dysfunction. To evaluate cortical function, the regional cerebral blood flow (rCBF) was estimated of 13 demented and 13 nondemented age matched patients with Parkinson's disease compared with that of 10 age matched controls using I-123 iodoamphetamine single photon emission tomography (IMP-SPECT). The rCBF of the nondemented Parkinson's patients showed no significant differences from that of the control subjects. In the demented patients, the bilateral frontal and parietal and left temporal regional blood flow was significantly less than in the controls. Four demented patients showed isolated frontal hypoperfusion, 8 showed fronto-parietal hypoperfusion, and 1 showed isolated parietal hypoperfusion. Frontal hypoperfusion was therefore present in 12 of the 13 demented patients, and this finding agrees with the frontal lobe dysfunction hypothesis. Parietal rCBF had a significant positive correlation with cortical functions such as calculation and language ability in the MMSE scores. The parietal and temporal reduction in rCBF probably reflects the presence of Alzheimer pathology, cortical Lewy body disease, or both. (3 Neurol Neurosurg Psychiatry 1992;55:960-963) 
The prevalence of dementia in Parkinson's disease ranges from 14%-40% in reported series.' This wide variation is related to differences in the diagnostic criteria used or the methods adopted by various investigators. Follow up studies using DSM-III-R diagnostic criteria for dementia have shown a prevalence of 10-9- Relative rCBF = 2 x (rCBF)ROI/ ((rCBF)rc + (rCBF)lc) (rc, lc: right and left cerebellar hemispheres) Patients were only enrolled after informed consent was obtained and after a detailed description of the risks and benefits of the study was provided.
We compared mean duration of disease and the severity of muscular rigidity, tremor, and bradykinesia between the demented and nondemented patients. Mean duration of disease was compared using the normal Student's t test, while the severity of muscular rigidity, tremor, and bradykinesia were compared using one-way ANOVA.
The rCBF of the demented and nondemented patients was compared with that of healthy controls. These control subjects were 10 age matched normal volunteers. Mean values were analysed using the normal Student's t test when there was no significant difference in the variances, or using Welch's t test when there was a significant difference in variance. In the demented patients, we analysed the correlation between rCBF and the MMSE score using Spearman's rank correlation coefficients.
Results
Comparison of the duration of disease, and the severity of muscular rigidity, tremor, and bradykinesia showed no significant differences between the demented and nondemented groups (table 1). The MMSE scores for the demented patients ranged from 2 to 25 (mean = 17-4, standard deviation = 6 80). In the patients with better preserved MMSE scores, severe behavioural disturbances such as mental irritability or abnormal impulsive behaviour affected their daily lives.
The rCBF distribution of the Parkinson's patients without dementia showed no significant difference from that of the controls. In the demented patients, the rCBF of the bilateral frontal, parietal, and left temporal lobes was significantly reduced compared with the controls. However, the rCBF in the other ROIs did not show any significant differences (table 2) .
With a 2SD criterion, 7 out of the 13 demented patients had significantly reduced fig 3) , and less than 0 81 in 8 patients (fronto-parietal hypoperfusion pattern in fig 3) . frontal rCBF, 9 had reduced parietal rCBF, and 12 had one or both (fig 2) . The cerebral blood flow distribution showed at least 2 patterns, an isolated reduction in frontal flow (4 patients) and a reduction in both frontal and parietal flow (8 patients). Reduction of blood flow in the frontal lobes was predominantly seen in the association area rather than in the motor and pre-motor areas (fig 3) . Analysis of the relationship between rCBF and the MMSE score showed that the left parietal rCBF had a significant positive correlation with the scores for registration (rs = 0-57, p < 0 01 (df = 24, to = 3 44)), calculation (rs = 0-41, p < 0-05 (to = 218)), and language (rs = 0-60, p < 0.01 (to = 3 66)).
The patients with isolated frontal hypoperfusion did not develop delirium. In contrast, 4 of the 9 patients with fronto-parietal hypoperfusion had a history of severe delirium, and these 4 patients showed more severe cortical intellectual deterioration (mean MMSE score: 11, range: 2-16).
Discussion
Previous reports on cerebral blood flow in Parkinson's disease7'0 showed no abnormalities or only slight hypometabolism in the frontal area in patients without dementia, and we found a similar pattern in our nondemented patients. In contrast, the frontal hypoperfusion seen in the demented group suggested that alterations had occurred in the cortex or in the subcortical nuclei projecting to the frontal lobes.
In Parkinson's disease, subcortical degeneration leading to dementia involves not only the dopaminergic system arising from the substantia nigra but also the basal cholinergic system arising from the nucleus basalis of Meynert and the diagonal band of Broca."
Damage to these subcortical nuclei projecting to the frontal cortex could lead to the frontal hypoperfusion seen in our demented patients.
The subcortico-frontal projections may include two different nigro-striato-cortical loops, a "motor loop" and a "complex loop". Neurons in the rostromedial compacta of the substantia nigra project to the caudate, which connects to the frontal association area (the "complex loop"), while neurons in the caudolateral compacta project to the putamen and Table 2 A comparison of rCBF between demented and nondemented patients then connect to the pre-motor and motor areas (the "motor loop"). The "complex loop" is related to psychomotor function and motivation, while the "motor loop" is related to motor function.12 The predominance of blood flow changes in the frontal association cortex may thus reflect alterations in the "complex loop" due to neuronal loss in the medial substantia nigra. 3 In addition to the nigro-striato-cortical loops, dopaminergic cells in the ventral tegmental area of the midbrain project to the frontal lobe,'4 and destruction of this area causes behavioural disturbance.15 In Parkinson's disease, these cells are also involved. '6 Thus the frontal hypoperfusion, that we found in 12 out of 13 demented patients could reflect disturbances of various subcortical nuclei projecting to the frontal cortex (the frontal lobe dysfunction hypothesis).
In addition to frontal hypoperfusion, parietal and left temporal rCBF showed significant reductions compared with the controls. The rCBF in these regions had a significant positive correlation with cortical function such as language and calculating ability. The cortical alterations associated with dementia in Parkinson's disease include certain pathological findings also seen in Alzheimer's disease. A combination of the patholonical changes seen in both Parkinson's disease and Alzheimer's disease occurs in 1 6-9% of such patients'7 and the topographical distribution of Alzheimer's pathology in Parkinson's disease patients is similar to that in pure Alzheimer's disease. In Alzheimer's disease, rCBF studies with SPECT have revealed hypoperfusion in the parietal lobes. '8 Another cortical change associated with dementia in Parkinson's disease is the occurrence of Lewy bodies. The combination of Lewy bodies and senile plaque in the cortex is seen in diffuse Lewy body disease, which is frequently accompanied by acute delirium or agitation and cortical type dementia."9-2" In this study, 4 patients with parietal hypoperfusion also showed nocturnal delirium and cortical dementia, and these clinical features coincided with those of diffuse Lewy body disease. Cortical Lewy bodies are generally numerous in the frontal, temporal, and parietal lobes,22 and the SPECT patterns of these patients could reflect the distribution of Lewy bodies. It still remains to be determined whether the cortical lesions of such patients with parietal hypoperfusion are due to Alzheimer's pathology or Lewy bodies.
We conclude that SPECT images of demented Parkinson's disease patients show at least 2 patterns-isolated frontal lobe hypoperfusion or hypoperfusion in both the frontal and parietal areas. In our series, frontal lobe hypoperfusion was the common finding in demented Parkinson's disease, data which is coincident with the frontal lobe dysfunction hypothesis. In the patients with fronto-parietal hypoperfusion, not only frontal lobe deficits but also more widespread cortical dysfunction may contribute to their dementia.
